The immediate fall in arterial pressure following furosemide in the 17 hypertensive patients studied was asociated with a decrease in plasma volume, cardiac output, and extracellular fluid volume, and an increase in urinary sodium excretion. A glucose infusion administered at the trough of hypotension in an amount exceeding the urinary output resulted in the return of arterial pressure to control levels in each patient. Although an increase in plasma volume was noted in each patient, it was significantly below control levels. The central venous pressure, cardiac output, and state of negative sodium balance following the glucose infusion remained unchanged, but the extracellular fluid volume had re-expanded. It would seem that the changes in arterial pressure either after furosemide or during the glucose infusion were related to changes in extracellular fluid. The fact that a decreased pressor response to norepinephrine following furosemide was associated with a decrease in extracellular fluid and the fact that expansion of extracellular fluid with glucose restored the pressor response to normal further document the importance of the extracellular fluid in the regulation of arterial pressure.
SUMMARY
The immediate fall in arterial pressure following furosemide in the 17 hypertensive patients studied was asociated with a decrease in plasma volume, cardiac output, and extracellular fluid volume, and an increase in urinary sodium excretion. A glucose infusion administered at the trough of hypotension in an amount exceeding the urinary output resulted in the return of arterial pressure to control levels in each patient. Although an increase in plasma volume was noted in each patient, it was significantly below control levels. The central venous pressure, cardiac output, and state of negative sodium balance following the glucose infusion remained unchanged, but the extracellular fluid volume had re-expanded. It would seem that the changes in arterial pressure either after furosemide or during the glucose infusion were related to changes in extracellular fluid. The fact that a decreased pressor response to norepinephrine following furosemide was associated with a decrease in extracellular fluid and the fact that expansion of extracellular fluid with glucose restored the pressor response to normal further document the importance of the extracellular fluid in the regulation of arterial pressure.
Additional Indexing Words: Plasma volume
Pressor response Norepinephrine
Chloride space pREVIOUS studies from this laboratory have established that the immediate fall in arterial pressure during drug-induced saluresis was more related to the production of negative sodium balance than the reduction in plasma volume. ' The replacement of plasma volume with dextran at the peak of hypotension during diuresis did not increase the arterial pressure nor did the concomitant administration of dextran with the diuretic agents prevent the fall in arterial pressure. On the other hand, in hypertensive patients in the sodium-depleted state there seemed to be a direct relation between arterial pressure and sodium balance. Thus, the fall in arterial pressure after diuretic therapy could immediately be corrected by administration of hypertonic saline in an amount sufficient to produce positive sodium balance. Similarly, the fall in arterial pressure, which usually accompanied the diuretics, could be prevented by the During the control period, norepinephrine produced a 25 ± 4% average increase in mean arterial pressure in the 12 patients studied (table 4) . At the trough of hypotension following furosemide the same rate of infusion of norepinephrine produced an 11 ± 3% average increase in mean arterial pressure. After the arterial pressure was restored with glucose, the same rate of norepinephrine infusion produced a 27 + 4% average increase and an increase in urinary sodium excretion. The administration of glucose resulted in the return of arterial pressure to control levels in each patient. Although an increase in plasma volume was noted in each patient when the arterial pressure returned to control levels, the plasma volume was still 270 ± 145 ml below control values. In this regard, it should be noted that previous experiments in this laboratory demonstrated that the replacement of plasma volume with dextran solution at the peak of hypotension following diuretic therapy had no effect on the reduced arterial pressure. ' The administration of glucose that resulted in return of arterial pressure to control values did not alter the negative sodium balance. This observation seems to be in conflict with the data previously reported from this laboratory. It was noted then that in the hypertensive patient in the sodium depleted state there was a direct relation between arterial pressure and sodium balance. The fall in arterial pressure during saluresis was attributed to the production of negative sodium balance, and the increase in arterial pressure that followed administration of hypertonic saline was attributed to the production of positive sodium balance. The ability of glucose infusion to restore the arterial pressure reported here casts doubt on the importance of sodium balance in the previous experiments.
In 10 patients the amount of glucose needed to restore the arterial pressure to control levels exceeded the urinary output by an average of 1015 + 398 ml (table 1). The average increase in plasma volume in these patients was only 342 ± 217 ml, leaving 703 ± 439 ml of fluid unaccounted for. This retained fluid was extravascular, and probably extracellular. In seven patients, however, the amount of glucose needed to restore the arterial pressure was less than the urinary output. In these patients, when arterial pressure was restored to control levels, the plasma volume was still 274+85 ml below control. From the estimation of the chloride space in five of these patients it would seem that retained fluid was indeed extracellular.
At the peak of hypotension following furosemide the chloride space was decreased an average of 1.5 L (table 2) . When the arterial pressure had returned to control values during the infusion, the chloride space had re-expanded. It would seem from these data that the changes in arterial pressure either after furosemide or during the glucose infusion were not related to sodium balance or plasma volume alone or due to changes in cardiac output or central venous pressure. On the other hand, the changes in arterial pressure were directly related to changes in extracellular fluid (table 2, fig. 1 ). These data do not contradict the previously reported relation between sodium balance and arterial pressure, but suggest that this relation was mediated through changes in extracellular fluid. In previous studies, administration of hypertonic saline was associated with the production of positive sodium balance and expansion of the chloride space. The fact that the arterial pressure could be restored without altering negative sodium balance in the experiments reported here suggests that changes in extracellular fluid significantly influence changes in arterial pressure. It is not possible from these data to determine whether the increase in arterial pressure associated with the glucose infusion was due to expansion of extracellular fluid volume and plasma volume or due to expansion of extracellular fluid volume alone. Freis6 has suggested that the antihypertensive action of the diuretics is mediated through the changes in extracellular fluid and plasma volume. Previous data from this laboratory have demonstrated that the restoration of plasma volume at the trough of hypotension following diuretics does not restore the arterial pressure. It would seem. therefore, that changes in arterial pressure are more related to the changes in extracellular fluid volume.
The changes in the pressor response to norepinephrine after furosemide and glucose further document the importance of the extracellular fluid in the regulation of arterial pressure. Thus, the decrease in extracellular fluid after furosemide was associated with a decreased pressor response that was restored to the control by expansion of the extracellular fluid.
Although the early fall in arterial pressure during saluresis is associated with a decrease in plasma volume and the production of negative sodium balance, it seems that the most important underlying mechanism is a decrease in extracellular fluid. In the hypertensive patient in the sodium depleted state there seems to be a direct relation between arterial pressure and extracellular fluid; a decrease in extracellular fluid is associated with a fall in arterial pressure, whereas expansion of extracellular fluid is associated with a rise in arterial pressure. It is not known whether this relation exists in hypertensive patients in normal sodium balance or in normotensive or hypotensive patients.
